Introduction
The majority of Australians have access to high quality dental care services, and generally have good oral health largely due to the availability of fluoridated water and our much improved understanding of dental disease. Although the overall incidence of dental disease has reduced significantly by the end of the twentieth century, the improvements in oral health have not been equally shared across all socioeconomic groups. [1] It has been acknowledged by Australia's National Oral Health Plan that people representing low socioeconomic groups continue to experience greater levels of dental disease by comparison to their more affluent counterparts. [2] A report titled 'Oral health and access to dental care -rural and remote dwellers' published by the Australian Institute of Health and Welfare noted that country residents are more
The findings were considered in terms of proximity to existing public health infrastructure.
Results: A total of 49 SA1 areas were identified and preselected as potential sites for new public dental clinics across Australia. Eighty per cent of the identified areas of relative need were located outside metropolitan areas. Fifty per cent of those were found to be in close proximity to an existing public hospital (medical).
likely to display symptomatic patterns of dental attendance when compared to metropolitan residents. Country residents are also more likely to experience complete tooth loss, and to not have seen a dentist in a couple of years for routine dental care. In short, statistically, country residents experience higher rates of dental disease and are less likely to receive preventive care. [3] The demand for subsidised dental care across the country has remained consistently high over the years and often exceeds the capacity of State public dental services to provide treatment, resulting in waiting lists, with historical wait times of two years reported. [4] Prolonged waiting time for an appointment has been identified as one of the main factors resulting in patient dissatisfaction [5] and has frequently been the source of news stories in the national media. [6] Over the years a number of State and federal initiatives were undertaken in an effort to meet the demand for subsidised dental care. Most recently the Commonwealth Government committed A$1.3 billion over several years to State and Territory governments to support additional dental services for adults under the National Partnership Agreement.
The measure is aimed at reducing long wait times to see a public dentist by providing eligible public dental patients with an authority to seek limited treatment from a private dentist. [7] Previous studies have found that it is generally more cost effective to provide subsidised dental care through public dental clinics when compared to contracting the work out to private sector. [7] Thus further investment in public dental health infrastructure may need to be considered in order for us to continue cost effectively meet the demand of our growing eligible population.
The objective of this study was to identify and rank areas of relative need for new public dental clinics, and to gauge what percentage of the areas identified were located in the vicinity of an existing public hospital network (with a view to strategically place dental chairs in some of the existing public hospitals rather than build new dedicated public dental clinics).
Methods
Only open access, non-identifying data was used in this research. Thus ethics approval was not required.
Australian Statistical Geography Standard
Australian Statistical Geography Standard (ASGS) was used throughout this study. This nationally agreed approach to geographic analysis of population divides the country into four levels of clustering based around size. These are described as SA1 to SA4. SA1 being the smallest with about 400 people per area, SA2 closely reflects suburbs with about 10,000 people per area, SA3 areas have about 80,000 people each while SA4 are statebased. [8] 
Socio-Economic Indexes for Areas data
The data outlining the socioeconomic index for areas (SEIFA) distribution across Australia was obtained from the Australian Bureau of Statistics (ABS) website at SA1 level.
[9] SEIFA has been designed by the ABS to arrange SA1s across Australia by their relative socioeconomic advantage and disadvantage. [9] The SEIFA data at SA1 level is used to calculate the SEIFA index at SA2, SA3 and SA4 levels.
Resident population data
The population data spanning all of Australia was collected from the ABS website at SA1 level. There are approximately 55,000 SA1s in Australia, together covering the whole country without gaps or overlays. [8] SA1s are commonly acknowledged to be the fundamental building blocks of the ASGS. When used in aggregate, SA1s contribute to statistics at SA2, SA3 and SA4 levels.
Eligible population data
Distribution data for the 'unemployed' and 'not in the labour force' was obtained from the ABS website at SA1 level and subsequently used to represent the distribution of the population eligible for subsidised dental care. Previous research identified a close correlation between the distribution of the 'unemployed' and 'not in the labour force' Census 2011 data and the actual distribution of the population eligible for subsidised dental care across Australia. [10] Public Hospital location data Geographic location data for existing public hospital network was obtained from the www.myhospitals.gov.au website. Only publically owned hospitals with emergency departments were selected.
Public dental clinic location data
Previously published research provided the physical address (and geographic coordinates) for each public dental clinic in Australia (collated from a number of open sources) as at August 2012. [11] Geographic analysis Quantum Geographic Information System (version 2.8.1) software was used to map statistical data and quasi-index of relative need.
Identifying and Ranking Areas of Relative Need for New Public Dental Clinics Using a State-of-the-Art Data Simulation Approach
Processing of SEIFA, resident population and eligible population data A previously developed mathematical approach to determination of areas of healthcare need, based on various smoothing functions of population disparities, was applied to the baseline data in this study. [12] In summary the method takes the SEIFA index for each SA1 and divides it by the usual resident and eligible population data to produce a weighted number. The process is repeated at SA2, SA3 and SA4 levels. The SA1 results were added to the SA2, SA3 and SA4 area results to which each SA1 in question belonged. Thus an aggregate value for each SA1 is produced. This fundamental mathematical approach provides a smoothing of the 'wrinkles' in the SEIFA index between nearby SA1s and thus brings to the foreground areas that are substantive in size and population. These smoothed aggregate values for each SA1 level were arranged in an ascending order, forming a quasi-index of relative need. The most 'in need' 10% per cent of the aggregate values (ie SA1s) were selected for further analysis in this study.
Geographic disqualification
Geographic filtering was applied disqualifying SA1s that were located in the vicinity (within 10km radius for metropolitan and 20km radius for country areas) of an existing public dental clinic.
Results
A total of 49 SA1 areas (0.1% of all SA1s) have been identified and preselected as potential public dental clinic sites across Australia. The preselection data was uploaded into QGIS software and formed a part of a layered map (Fig 1) . The map allows for visual assessment of the spatial relationship between preselected sites, existing public dental clinics and the public hospital network. The numeric values for the identified SA1s are projecting over the map and range from 0 to 1. Lower numbers identify areas of comparatively greater need, thus allowing us to rank and prioritise these areas for future service rollout.
An extract from the map of Australia (South West of WA) is an example of identified and ranked areas of relative need (Fig  1) . Various shading indicates fluctuations in socioeconomic status of the population. Deeper shades indicate areas of low socioeconomic status, while lighter shades correspond to areas of higher socioeconomic status. While similarly shaded areas can be seen, only few display numeric values. Only areas with displayed values meet the weighting criteria of relatively higher population and eligibility levels. Tables 1 and 2 (country and metropolitan areas, respectively) list identified areas or relative need for a public dental clinic. The majority (80%) of the identified areas of relative need are located outside metropolitan areas. Over a quarter (27%) of all the identified areas were located in Victoria. Queensland accounted for 24% of all the areas of relative need across the country. Tasmania was found to have more areas of relative need (14%) than New South Wales (12%). Northern Territory and Western Australia contributed 8% each to the total count of identified locations. South Australia made up 6% of the total, while no areas of relative need were identified in the Australian Capital Territory.
Significantly, fifty per cent of the identified areas of relative need outside metropolitan areas are located in the vicinity of an existing public hospital.
Discussion
Routine dental check-ups offer an opportunity for early detection and prevention of dental disease. For many of us the timeless proverb proclaiming that 'prevention is better than cure' rings especially true in personal health matters. In the context of subsidised dental care (from a tax payer perspective), prevention can also be cheaper than cure. Provision of subsidised dental care through public dental clinics has been found to be up to three times more cost effective when compared to contracting the work out to private sector. [13] Eighty per cent of the identified areas of relative need are located outside metropolitan areas. The results were consistent with previous research findings indicating that metropolitan residents generally enjoy better access to public dental care facilities. [3] Building a public dental clinic in a country setting may not be as cost effective as building a similar clinic in a metropolitan area, in part, due to differences in population densities. However, findings also indicate that around fifty per cent of the identified areas of relative need are located in the vicinity of a public hospital. Delivery of subsidised dental care through the existing public health infrastructure, where available, may offer an opportunity to improve access to dental care for those layers of our society that need it most, while minimising capital expenditure and the costs associated with more complex, late stage intervention.
Individual consideration may need to be given to each such case as existing public hospitals may lack the space required for a dental clinic. Co-location of dental facilities within public hospitals may be easier to enact as a part of new capital developments that meet the selection criteria. Although the cost of outfitting a dental clinic is likely to remain relatively static, shared site, development, utilities and building costs may result in significant savings when compared to building an independent public dental clinic.
The co-location strategy may also help to improve patient outcomes (both medical and dental) by emphasising the link between dental health and the overall health of an individual and promoting preventive behaviour. Closer integration of medical and dental services can offer a more coordinated, efficient, patients-centred approach that meets both the medical and oral health needs of patients in a single setting. [14] Poor oral health has been linked to chronic conditions such as heart disease and diabetes. [14] Co-location of medical and dental services has been found to simplify access to dental care and improve health outcomes by allowing for timely delivery of diagnostic and therapeutic care. [14] There are a number of examples where co-location of hospital and public dental clinics has been successfully implemented eg, Geraldton Hospital, Western Australia and Tully Hospital, Queensland. The demand for subsidised dental care remains consistently high, often exceeding the capacity of the public system to provide the service, resulting in long waiting lists.
[4] Thus a strong argument could be made that our policy should be to widen and strengthen the government provided dental network to build the superstructure of a great compassionate system to leave no Australian behind. This research is based on quantitative data from the ABS.
Thus, application of the method produces consistent, precise and reliable results. The identification and ranking process described, however, may not address qualitative issues unique to each site. Additional qualitative considerations should be given to each proposed location as these will often complement and allow for refinement of the quantitative data.
Conclusion
The areas of relative need identified in this study represent the most disadvantaged (0.1%) of the Australian population. Country residents are more likely to experience dental disease when compared to metropolitan counterparts. Regular dental check-ups can aid prevention and early identification of dental disease. Access to subsidised dental care can potentially be improved in half (50%) of the Identifying and Ranking Areas of Relative Need for New Public Dental Clinics Using a State-of-the-Art Data Simulation Approach identified areas by offering subsidised dental care to the eligible population through the existing publicly owned hospital network.
Offering subsidised dental care through the existing public hospital network, where available, in turn, may help to control the cost of service delivery by minimising capital expenditure.
